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3-DIMIENSIONAL MAGE DISPLAY 
APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority to and the benefit of 
Korean Patent Application No. 2014-0047502, filed on Apr. 
21, 2014, the disclosure of which is incorporated herein by 
reference in its entirety. 

BACKGROUND 

0002 1. Field of the Invention 
0003. The present invention relates to a three-dimensional 
(3D) image display apparatus, and more particularly, to a 
multi-view or Super multi-view 3D image display apparatus 
that establishes a 3D viewing environment suitable for an 
observer by fixing an overlap (crosstalk) ratio between adja 
cent viewing Zones according to an observation distance 
when forming a viewing Zone having at least two viewing 
points at an observation position. 
0004 2. Discussion of Related Art 
0005. In general, in order to commercialize a 3D image 
display apparatus or 3D TV, it is, above all, important to 
provide viewers with a natural stereoscopic perception with 
outfatigue and allow multiple viewers to have a wide viewing 
ZO. 

0006. In addition, when a 3D image is shownto a viewer or 
audience, a factor causing resistance or fatigue, that is, a 
human factor should be considered. 3D image display appa 
ratuses are classified into a "glasses’ type 3D image display 
apparatus that needs special glasses and a "non-glasses’ type 
or autostereoscopic 3D image display apparatus that does not 
need special glasses. 
0007. However, the “non-glasses’ type 3D image display 
apparatus having two viewing points has a limitation in that a 
viewing Zone capable of viewing an image is excessively 
limited. To overcome this limitation, 3D image display appa 
ratuses having a multi-view or Super multi-viewing Zone have 
been developed. Representative examples of the 3D image 
display apparatuses include a lenticular lens type and a par 
allax barrier type. 
0008. However, according to the lenticular lens type and 
the parallax barrier type, the overlap ratio is high between 
viewing Zones of adjacent viewing points. Thereby, degrad 
ing an image quality of an implemented 3D image, limiting a 
3D viewing Zone due to a limitation of resolution of a flat 
panel display apparatus, and degrading resolution of a unit 
viewing point image of a 3D image as the number of viewing 
points increases. Accordingly, a viewer cannot view natural 
3D images while moving. 
0009. A multi-view 3D image display apparatus is dis 
closed in Korean Patent Publication No. 10-2011-0024.062 in 
order to overcome this limitation. The multi-view 3D image 
display apparatus includes a projection optical system for 
outputting light, and the projection optical system is arranged 
in a horizontal or vertical direction to form an imaging pixel 
for generating a 3D image having at least two viewing points 
at an imaging position. 
0010. However, since the 3D image display apparatus has 
the overlap (crosstalk) ratio varying between neighboring 
viewing Zones depending on an observation distance, the 3D 
image display apparatus gives little inconvenience to observ 
ers. FIG. 1 shows crosstalk according to an observation dis 
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tance in a 3D image display apparatus according to the related 
art. Referring to FIG. 1, in observation distances 1 and 2 
before an optimal observation position, a crosstalk ratio 
between viewing Zones is not fixed. Accordingly, this results 
in that the crosstalk ratio varies with the observation distance. 
Accordingly, a technology for minimizing an area of 
crosstalk generated between viewing Zones and uniformizing 
intensity of light by merging adjacent viewing points in one 
viewing Zone is required to fix a crosstalk that varies with a 
viewing distance. 
0011. Accordingly, in order to limit these limitations, a 
multi-view or Super multi-view 3D image display apparatus is 
needed. 

SUMMARY OF THE INVENTION 

0012. The present invention is directed to a 3D image 
display apparatus that can view an optimal multi-view or 
Super multi-view image by fixing an overlap (crosstalk) ratio 
between neighboring viewing Zones according to an obser 
vation distance to establish a 3D viewing environment suit 
able for an observer when a viewing Zone having at least two 
viewing points is formed at an observation position. 
0013 The present invention is also directed to a 3D image 
display apparatus that can minimize an area of crosstalk 
occurring between viewing Zones and uniformizing intensity 
of light by merging adjacent viewing points in one viewing 
ZO. 

0014. According to an aspect of the present invention, 
there is provided a 3D image display apparatus including: two 
or more projection optical systems arranged in a horizontal or 
Vertical direction and configured to output light; and a con 
troller configured to use a nodal point where two light rays 
meets, the two light rays, each defining an outermost ray of 
the light corresponding to unit pixels radiated from the 
respective projection optical systems, perform an arrange 
ment such that the nodal points of the unit pixels are matched 
with each other from the two or more projection optical 
systems, and configure a light path Such that a viewing Zone 
having at least two viewing points is formed at an observation 
position behind an imaging position. 
00.15 Each of the two or more projection optical systems 
may include: a display unit configured to display an image: 
and a plurality of projection lenses disposed to be spaced a 
certain distance from the display unit and configured to 
refract light radiated from any one pixel of the display unit to 
forman image pixel for generating a 3D image at the imaging 
position. 
0016. The projection lenses provided in the two or more 
projection optical systems may be disposed such that the light 
traveling from the any one pixel of the display unit to the 
projection lenses is projected into effective diameters of the 
projection lenses or commonly projected into all pixels in a 
specific area. 
0017. The projection lenses provided in the two or more 
projection optical systems may be disposed such that effec 
tive diameters of the projection lenses are in Substantial con 
tact with each other without any gap. The projection lenses 
provided in the two or more projection optical systems may 
be disposed such that effective diameters of the projection 
lenses are substantially overlapped with each other. 
0018. A degree of overlap between neighboring viewing 
Zones may be adjusted by adjusting a distance between the 
effective diameters of the projection lenses provided in the 
two or more projection optical systems. 
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0019. The apparatus may further include a vertical dif 
fuser disposed at the imaging position or between the imaging 
position and the nodal point formed before the imaging posi 
tion and configured to provide a vertical viewing Zone. 
0020. The light radiated from the two or more projection 
optical systems may be expanded through the imaging posi 
tion to form a multi-view viewing Zone between the two 
outermost light rays of the light. 
0021. The two or more projection optical systems may 
include at least one of a digital micromirror device (DMD), a 
liquid crystal display (LCD), a ferro liquid crystal display 
(FLCD), and a liquid crystal on silicon (LCOS) image display 
device. 
0022. The controller may find a distance from the imaging 
position to the nodal point formed before the imaging posi 
tion by using a projection distance from the two or more 
projection optical systems to the imaging position, a size of an 
image at the projection lenses provided in the two or more 
projection optical systems, and a size of an image at the 
imaging position, and perform control Such that the light 
radiated from the two or more projection optical systems 
passes through the any one point formed before the imaging 
position. A distance DI from the imaging position to the nodal 
point formed before the imaging position may be found from 
the following Equation: 

PPDP - P.D. (Equation) 

(D - DI)x PI 
D = - - - 

PP 

DX Pl 
(PP+ PI) 

where DP is the projection distance from the two or more 
projection optical systems to any one point formed before the 
imaging position, PP is the size of an image at the projection 
lenses provided in the two or more projection optical systems, 
and PI is the size of an image at the imaging position. 
0023 The controller may merge and flatten the light radi 
ated from the two or more projection optical systems, thereby 
minimizing crosstalk between the viewing points or minimiz 
ing a change in brightness of a viewing point image around a 
center of the viewing point. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024. The above and other objects, features, and advan 
tages of the present invention will become more apparent to 
those of ordinary skill in the art by describing in detail exem 
plary embodiments thereof with reference to the accompany 
ing drawings, in which: 
0025 FIG. 1 is a diagram illustrating crosstalk according 
to an observation distance in a 3D image display apparatus 
according to the related art; 
0026 FIG. 2 is a concept diagram schematically illustrat 
ing a 3D image display apparatus according to an embodi 
ment of the present invention; 
0027 FIG. 3 is a diagram illustrating a geometrical rela 
tionship for finding a nodal point of light radiated from a 
projection optical system according to an embodiment of the 
present invention; 
0028 FIG. 4 is a diagram illustrating a change in crosstalk 
according to a light path and a light observation distance of a 
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3D image display apparatus forming three viewing points 
when there is no distance between lenses of the projection 
optical system according to an embodiment of the present 
invention (distance between diameters of lenses through 
which light passes=0); 
0029 FIG. 5 is a diagram illustrating a change in crosstalk 
according to a light path and a light observation distance of a 
3D image display apparatus forming three viewing points 
when distances between lenses of the projection optical sys 
tem are overlapped with each other according to another 
embodiment of the present invention (distance between diam 
eters of lenses through which light passes <0); 
0030 FIG. 6 is a diagram illustrating a change in crosstalk 
according to a light path and a light observation distance of a 
3D image display apparatus forming three viewing points 
when distances between lenses of the projection optical sys 
tem are separated from each other according to still another 
embodiment of the present invention (distance between diam 
eters of lenses through which light passes 0): 
0031 FIG. 7 illustrates a shape of a viewing Zone formed 
at each observation distance by light radiated from a projec 
tion optical system to pass through any one point before an 
imaging point according to an embodiment of the present 
invention; 
0032 FIG. 8 is a diagram illustrating a theory showing a 
merging effect on two viewing points and an experimental 
result obtained by merging a viewing Zone distribution 
formed at each observation distance of light radiated from 
two projection optical systems according to an embodiment 
of the present invention; 
0033 FIG. 9 illustrates the formation of each viewing 
Zone by light radiated from a plurality of projection optical 
systems to pass through any one point formed before an 
imaging position according to an embodiment of the present 
invention; 
0034 FIG. 10 is a diagram illustrating a shape of a viewing 
Zone formed at each observation distance, which is obtained 
through an experiment, when light is designed to pass through 
an imaging position using a 3D image display apparatus 
according to the related art; and 
0035 FIG. 11 is a diagram illustrating a shape of a viewing 
Zone formed at each observation distance, which is obtained 
through an experiment, when light is designed to pass through 
one point (nodal point) in front of an imaging point, using a 
3D image display apparatus according to an embodiment of 
the present invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0036. Hereinafter, embodiments of the present invention 
will be described in detail with reference to the accompanying 
drawings. The present invention may, however, be embodied 
in different forms and should not be constructed as limited to 
the embodiments set forth herein. Rather, these embodiments 
are provided so that this disclosure will be thorough and 
complete, and will fully convey the scope of the present 
invention to those skilled in the art. 
0037 FIG. 2 is a concept diagram schematically illustrat 
ing a 3D image display apparatus according to an embodi 
ment of the present invention, and FIG.3 shows a geometrical 
relationship for finding a nodal point of light radiated from a 
projection optical system according to an embodiment of the 
present invention. 
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0038 FIGS. 2 and 3 are conceptual diagrams illustrating a 
configuration and a principle of the 3D image display appa 
ratus according to an embodiment of the present invention 
and, for convenience of description, schematically show an 
example using a single projection optical system 100. How 
ever, a 3D image display apparatus according to another 
embodiment of the present invention may include at least two 
projection optical systems 100 that output light. 
0039 Referring to FIGS. 2 and 3, an optical pathis formed 
Such that light is radiated from the projection optical system 
100 sequentially passes through any one point (or nodal 
point) P'before animaging position and forms a viewing Zone 
having a viewing point at an observation position. 
0040. Here the projection optical system 100 includes a 
display unit 110 configured to display a 2D image and a 
projection lens 120 spaced a certain distance from the display 
unit 110 and configured to refract light radiated from pixels 
P1 to Pn of the display unit 110 to form an image pixel for 
generating a 3D image at the imaging position. 
0041. The projection lens 120 may be disposed such that 
light is radiated at a certain angle from a pixel Pi (in an 
example of FIG. 2) selected from among pixels P1 to Pn of the 
display unit 110 to pass through an effective diameter 121 for 
the display unit 110 of the projection lens 120, and each pixel 
may be disposed Such that the light passes a common effective 
diameter 122 in an effective diameter 123. The projection lens 
120 may be configured as a group of lenses including a 
convex lens and a concave lens in order to enhance optical 
characteristics of the projection optical system. Here, the 
effective diameter 121 is a maximum diameter in the projec 
tion lens through which light rays generated from all pixels 
illustrated in FIG. 2 pass. 
0042 Examples of the projection optical system 100 may 
include at least one of a digital micromirror device (DMD), a 
liquid crystal display (LCD), a ferro liquid crystal display 
(FLCD), and a liquid crystal on silicon (LCOS) image display 
device. 
0043. That is, FIG. 2 is a diagram illustrating a path along 
which light travels from any one pixel of the display unit 110 
of the single projection optical system 100, and in which the 
display unit 110 included in the single projection optical 
system 100 is simply described as pixels P1 to Pn arranged 
vertically (or horizontally). The light from any pixel Pi of the 
display unit 110 may be projected at a certain angle into the 
effective diameter 121 of the projection lens 120, and all the 
pixels may be disposed such that the light is projected into the 
common effective diameter 122. As shown in FIG. 2, outer 
most light rays 10 radiated from the pixel Pi are projected at 
a certain angle into the effective diameter 122 of the projec 
tion lens 120 to form an image of the pixel at an imaging 
position. Thus, the image formed at the imaging position may 
be viewed at the observation position. The light rays having 
passed through the imaging position may form an outer 
boundary of each optical distribution, and an area between 
two outer boundaries may form a viewing Zone for the pixel. 
The viewing Zone may be formed based on the effective 
diameter 121. 
0044 FIG. 3 is a diagram for finding a nodal point P' of 
light radiated from a single projection optical system 100 
including projection lenses 120 having the effective diameter 
122, and a distance DI from an imaging position to any one 
point (or nodal point) P' formed before the imaging position 
may be seen from Equations 1 and 2 below. First, D is calcu 
lated by Equation 1 below: 

D=DP-DI (Equation 1) 
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0045. If D is calculated, DI is induced by substituting D 
into Equation 2 below: 

PPDP - P.D. (Equation 2) 

(D - DI)x PI 
D = - - - 

PP 

D1 = PP 
(PP+ PI) 

where DP is a projection distance from each of at least two 
projection optical systems to a point formed before the imag 
ing position, PP is the effective diameter 121 or 122 in a 
projection lens provided in each of at least two projection 
optical systems, and PI is a size of an image at the imaging 
position. 

0046 For example, if the effective diameter PP occupied 
in the projection lens is approximately 25 mm, the projection 
distance D is 600 mm, and the size PI of an image at the 
imaging position is approximately 1 mm, it can be seen by 
Equation 1 that a distance DI from the imaging position to one 
point formed before the imaging position is approximately 
23.07 mm. 

0047. At least two projection optical systems, each of 
which is schematically described in FIGS. 2 and 3, may be 
arranged in a horizontal direction or a direction where a 
viewing Zone forms such that the light passes through any one 
point P' formed before the imaging position and then gener 
ates a 3D image. In this case, the 3D image display apparatus 
may include at least two projection optical systems and a 
controller (not shown), and the controller may perform con 
trol such that light is radiated from the two or more projection 
optical systems 100 to pass through any one point P' foilled 
before the imaging position, using a projection distance D 
from each of the two or more projection optical systems, a 
width PP of a diameter of a projection lens through which the 
light is radiated from the display unit provided in the two or 
more projection optical systems to pass, a size PI of an image 
at the imaging position, and a distance DI from the imaging 
position to any one point P' formed before the imaging posi 
tion. 

0048 FIG. 4 is a diagram illustrating a change in crosstalk 
according to a light path and a light observation distance of a 
3D image display apparatus forming three viewing points 
according to an embodiment of the present invention. In FIG. 
4, the projection optical system 100 of the 3D image display 
apparatus forming three viewing points is shown, but the 
present invention is not limited thereto. For example, if the 
number of projection optical systems, which corresponds to 
the number of viewing points intended to be formed, is 
increased to, for example, 4, a viewing Zone may include 
another multi-view point (for example, four-view point). 
0049 Referring to FIG. 4, the first to third projection opti 
cal systems 101 to 103 are simply described as projection 
lenses having the effective diameter corresponding to the 
effective diameter 121 or 122 of FIG. 2. In an embodiment of 
the present invention, the first to third projection optical sys 
tems 101 to 103 may be disposed such that the effective 
diameters of the projection lenses are in Substantial contact 
with each other without any gap. 
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0050. In particular, in an embodiment of the present inven 
tion, a vertical diffuser 200 may be further disposed between 
an imaging position and a nodal point P' formed before the 
imaging point to form a viewing Zone in a vertical direction. 
Preferably, as shown in FIG.4, a vertical viewing Zone may be 
secured by disposing the vertical diffuser at a depth of the 
imaging position. The position setting for the vertical diffuser 
may be applied to FIGS. 5 and 6 below. 
0051. As shown in FIG.4, the outermost ray of light output 
from the first projection optical system 101 is light indicated 
as a dashed line. The outermost ray output of light output from 
the second projection optical system 102 is light indicated as 
a solid line. The outermost ray output of light output from the 
third projection optical system 103 is light indicated as a 
dashed dotted line. 

0052. The outermost rays of light radiated from the first to 
third projection optical systems 101 to 103 may pass through 
an imaging position and then form respective viewing Zones. 
The viewing Zones of FIG. 4 can minimize an area of 
crosstalk that is generated by overlap with an adjacent view 
ing Zone. As shown in the right side of FIG. 4, though an area 
of the viewing Zone increases as the viewing Zone is further 
from the imaging position, a ratio of the crosstalk area is 
allowed to be fixed, thereby minimizing change in an overlap 
ratio between viewing points in a direction of depth easily and 
efficiently compared to the existing method, and thus imple 
menting multi-view and Super multi-view viewing Zones. 
0053 FIG. 5 is a diagram illustrating a change in crosstalk 
according to a light path and a light observation distance of a 
3D image display apparatus forming three viewing points 
according to another embodiment of the present invention. 
Referring to FIG. 5, a viewing Zone having three viewing 
points, and which is formed when each distance between 
projection lenses having effective diameters of the first to 
third projection optical systems 101 to 103 is less than Zero 
(overlap), is illustrated. 
0054 Referring to FIG. 5, as above described in FIG. 4, 
the first to third projection optical systems 101 to 103 are 
simply described as projection lenses having the effective 
diameter corresponding to the effective diameter 121 or 122 
of FIG. 2. In another embodiment of the present invention, the 
first to third projection optical systems 101 to 103 may be 
disposed such that the effective diameters of the projection 
lenses are substantially overlapped. That is, the first to third 
projection optical systems 101 to 103 may be disposed such 
that the effective diameters of the projection lenses overlap 
each other and a distance therebetween is greater or less than 
a width of one imaging pixel formed at the imaging position. 
0055. In FIG.5, 0, and 0, are each a degree of overlap with 
an adjacent viewing Zone, and in this case, 0, is equal to 0. As 
shown in the right side of FIG. 5, a ratio of crosstalk to light 
amount according to change in depth of an observation posi 
tion is fixed. Such that a uniform image may be always pro 
vided to an observer. 

0056 FIG. 6 is a diagram illustrating change in crosstalk 
according to a light path and a light observation distance of a 
3D image display apparatus forming three viewing points 
according to still another embodiment of the present inven 
tion. Referring to FIG. 6, a viewing-zone having three view 
ing points, and which is formed when each distance between 
projection lenses having effective diameters of the first to 
third projection optical systems 101 to 103 is greater than Zero 
(spaced), is illustrated. 
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0057 Referring to FIG. 6, as above described in FIGS. 4 
and 5, the first to third projection optical systems 101 to 103 
are simply described as projection lenses having the effective 
diameter corresponding to the effective diameter 121 or 122 
of FIG. 2. 
0.058 Instill another embodiment of the present invention, 
the first to third projection optical systems 101 to 103 may be 
disposed such that the effective diameters of the projection 
lenses have a certain distance. Each of 0 and 0 indicates a 
distance between adjacent viewing Zones, and in this case 0. 
is equal to 0. As shown in the right side of FIG. 6, the distance 
between the viewing Zones may be maintained at a certain 
ratio according to an observation depth position. 
0059. As described above, the first to third projection opti 
cal systems 101 to 103 in embodiments of FIGS. 4 to 6 form 
light paths that pass through any one point P' formed before 
the imaging position Such that pixels are arranged in parallel 
at the imaging position, and each light passing through the 
imaging position forms a respective viewing Zone. It is pos 
sible to easily adjust a degree of overlap between neighboring 
viewing Zones by adjusting the distance between the effective 
diameters 121 or 122 of the projection lenses provided in the 
first to third projection optical systems 101 to 103. 
0060 Considering that the distance between the eyes of a 
typical adult is about 65 mm, a viewing Zone having a little 
degree of overlap may be formed according to characteristics 
of the observer, or a certain degree of overlap may be included 
or not, thereby allowing a multi-view and Super multi-view 
implementation. 
0061. In addition, a light path is formed such that light 
passes through any one point P' formed before the imaging 
position, it is advantageous that a degree of overlap may be 
observed at a certain ratio according to the distance in the 
viewing Zone formed by the light passing through the imaging 
position. In addition, a problem in which resolution decreases 
as the number of viewing points increases may be mitigated. 
0062 Since an existing multi-view or super multi-view3D 
image display apparatus using a lenticular lens or parallax 
barrier divides total pixels of a flat panel display panel by a 
desired number of multi-viewing points, a resolution of a unit 
viewing point may be degraded in inverse proportion to the 
number of viewing points. However, it is possible to prevent 
the degradation of resolution of the unit viewing point by 
using a number, which corresponds to the number of viewing 
points, of projection optical systems. 
0063 FIG. 7 illustrates a shape of a viewing Zone formed 
at each observation distance by light radiated from a projec 
tion optical system applied to an embodiment of the present 
invention to pass through any one point before an imaging 
point, and illustrates a shape of a viewing-Zone formed 
according to an observation distance from a simplified pro 
jection optical system 100. 
0064 Referring to FIG. 7, light radiated from the simpli 
fied projection optical system 100 forms one pixel at the 
imaging position and forms a viewing Zone at each observa 
tion position. Through the shape of the viewing Zone formed 
in the above-described method, as the observation distance is 
increased, the brightness is reduced. 
0065 FIG. 8 is a diagram illustrating information about 
merging viewing Zones obtained at each observation position 
by light radiated from the projection optical system according 
to an embodiment of the present invention. 
0.066 Referring to FIG. 8, if two viewing Zone distribu 
tions obtained at each observation position by light radiated 
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from two projection optical systems are merged or flattened, 
crosstalk between viewing points is decreased and also 
crosstalk at the center of each viewing point. Furthermore, a 
brightness of a viewing point observed with a single eye 
increases and becomes uniform. Due to this effect, when a 
multi-view 3D image display apparatus is implemented, 
crosstalk for an entire image may be improved, brightness of 
the image may be increased, and more importantly a change 
in brightness at the center of the viewing Zone may be 
reduced. 
0067 FIG. 9 illustrates forming each viewing Zone by 
light radiated from a plurality of projection optical systems 
applied to an embodiment of the present invention to pass 
through any one point before an imaging position. In addition, 
it can be seen that more viewing points may be implemented 
in a limited horizontal width by applying a vertical arrange 
ment in addition to a horizontal arrangement. 
0068 FIGS. 10 and 11 are diagrams illustrating experi 
mental data about the shape of the viewing Zone formed at 
each observation distance in order to compare the 3D image 
display apparatus according to an embodiment of the present 
invention with the 3D image display apparatus according to 
the related art. 
0069 FIG. 10 is a diagram illustrating the shape of the 
viewing Zone formed at each observation distance (for 
example, 30 cm, 55 cm, and 80 cm) by the light radiated from 
two projection optical systems to pass through the imaging 
position in the conventional 3D image display apparatus 
according to the related art. FIG. 10 illustrates a case in which 
the distance between the projection lenses having effective 
diameters of the two projection optical systems is Zero (inter 
val=0), a case in which the distance between the projection 
lenses having effective diameters of the two projection optical 
systems is less than Zero (interval-O), and a case in which the 
distance between the projection lenses having effective diam 
eters of the two projection optical systems is greater than Zero 
(intervald-0), respectively. 
0070. As illustrated in FIG. 10, when the conventional 3D 
image display apparatus according to the related art is 
applied, it can be seen that a convergence ratio between neigh 
boring viewing Zones differs according to the observation 
position. 
0071 FIG. 11 is a diagram illustrating the shape of the 
viewing Zone formed at each observation distance (for 
example, 30 cm, 55 cm, and 80 cm) by the light radiated from 
two projection optical systems to sequentially pass through 
any one point formed before the imaging position and then the 
imaging position in the 3D image display apparatus accord 
ing to an embodiment of the present invention. FIG. 11 shows 
a case in which the distance between the projection lenses 
having effective diameters of the two projection optical sys 
tems is zero (interval=0), a case in which the distance between 
the projection lenses having effective diameters of the two 
projection optical systems is less than Zero (interval-0), and 
a case in which the distance between the projection lenses 
having effective diameters of the two projection optical sys 
tems is greater than Zero (intervald-0), respectively. 
0072. As illustrated in FIG. 11, when the 3D image display 
apparatus according to an embodiment of the present inven 
tion is applied, it can be seen that a ratio of crosstalk to light 
amount of the viewing Zone at each observation position is 
constant irrespective of the observation distance. 
0073. According to the 3D image display apparatus as 
described above, it is advantageously possible to fixa ratio of 
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a degree of overlap (crosstalk) between neighbor viewing 
Zones according to each depth sense (or observation distance) 
behind the imaging position, establish a 3D viewing environ 
ment suitable for an observer, and enable the observer to view 
a multi-view and Super multi-view image, by configuring a 
light path Such that light sources radiated from at least two 
projection optical systems pass through any one point (or a 
nodal point) formed before the imaging position and form a 
viewing Zone having at least two viewing points at each 
observation position. 
0074. It is also advantageously possible to fix a ratio of a 
degree of overlap between neighboring viewing Zones to a 
light amount of the viewing Zone at each observation position 
and form a multi-view viewing Zone for a 3D image, by 
allowing light radiated from at least two projection optical 
systems to pass through any one point before the imaging 
point. 
0075. It is also advantageously possible to adjust a degree 
of overlap (crosstalk) between neighboring viewing Zones, 
which generally occurs in the 3D image display apparatus, by 
adjusting a distance between the projection optical systems. 
0076. It is also advantageously possible to minimize a 
degree of overlap of an image according to an observation 
distance or allow desired crosstalk to occur in a certain area 
since a degree of overlap of an image is fixed according to a 
position of an observer. 
0077. It is also advantageously possible to improve a 
degree of overlap for an entire image, increase brightness of 
the image, and minimize a change in brightness in a viewing 
point center area, by merging with a neighboring viewing 
Zone. It is also advantageously possible to overcome degra 
dation of resolution for each unit viewing point, which occurs 
at a multi-view or Super multi-view viewing point. 
(0078 While the preferred embodiments of the 3D image 
display apparatus according to an embodiment of the present 
invention, the present invention is not limited thereto, various 
modifications may be made therein, and the appended claims 
are intended to cover all such modifications which may fall 
within the spirit and scope of the invention. 
What is claimed is: 
1. A three-dimensional (3D) image display apparatus com 

prising: 
two or more projection optical systems arranged in a hori 

Zontal or vertical direction and configured to output 
light; and 

a controller configured to use a nodal point where two light 
rays meet, the two light rays, each defining an outermost 
ray of the light corresponding to unit pixels radiated 
from the projection optical systems, performan arrange 
ment such that the nodal points of the unit pixels are 
matched with each other from the two or more projection 
optical systems, and configure a light path Such that a 
viewing Zone having at least two viewing points is 
formed at an observation position behind an imaging 
position. 

2. The apparatus of claim 1, wherein each of the two or 
more projection optical systems comprises: 

a display unit configured to display an image; and 
a plurality of projection lenses disposed to be spaced a 

certain distance from the display unit and configured to 
refract light radiated from any one pixel of the display 
unit to forman image pixel for generating a 3D image at 
the imaging position. 
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3. The apparatus of claim 2, wherein the projection lenses 
provided in the two or more projection optical systems are 
disposed such that the light traveling from any one pixel of the 
display unit to the projection lenses is projected into effective 
diameters of the projection lenses, or the light traveling from 
all the pixel of the display unit to the projection lenses is 
projected commonly in a specific area. 

4. The apparatus of claim 2, wherein the projection lenses 
provided in the two or more projection optical systems are 
disposed such that effective diameters of the projection lenses 
are in Substantial contact with each other without any gap. 

5. The apparatus of claim 2, wherein the projection lenses 
provided in the two or more projection optical systems are 
disposed such that effective diameters of the projection lenses 
are substantially overlapped with each other. 

6. The apparatus of claim 2, wherein a degree of overlap 
between neighboring viewing Zones is adjusted by adjusting 
a distance between the effective diameters of the projection 
lenses provided in the two or more projection optical systems. 

7. The apparatus of claim 1, further comprising a vertical 
diffuser disposed at the imaging position or between the 
imaging position and the nodal point formed before the imag 
ing position and configured to provide a vertical viewing 
ZO. 

8. The apparatus of claim 1, wherein the light radiated from 
the two or more projection optical systems is expanded 
through the imaging position to form a multi-view viewing 
Zone between the two outermost light rays of the light. 

9. The apparatus of claim 1, wherein the at least two pro 
jection optical systems include at least one of a digital micro 
mirror device (DMD), a liquid crystal display (LCD), a ferro 
liquid crystal display (FLCD), and a liquid crystal on silicon 
(LCOS) image display device. 
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10. The apparatus of claim 1, wherein the controller finds a 
distance from the imaging position to the nodal point formed 
before the imaging position using a projection distance from 
the two or more projection optical systems to the imaging 
position, a size of an image at the projection lenses provided 
in the two or more projection optical systems, and a size of an 
image at the imaging position, and performs control Such that 
the light radiated from the two or more projection optical 
systems passes through any one point formed before the 
imaging position. 

11. The apparatus of claim 10, wherein a distance DI from 
the imaging position to the nodal point formed before the 
imaging position is found from the following Equation: 

PPDP - P.D. (Equation) 

(D - DI)x PI 
D = - - - 

PP 

DX Pl 
T (PP+ PI) 

where DP is the projection distance from the two or more 
projection optical systems to any one point formed before the 
imaging position, PP is the size of an image at the projection 
lenses provided in the two or more projection optical systems, 
and PI is the size of an image at the imaging position. 

12. The apparatus of claim 1, wherein the controller merges 
and flattens the light radiated from the two or more projection 
optical systems, thereby minimizing crosstalk between the 
viewing points or minimizing a change in brightness of a 
viewing point image around a center of the viewing point. 
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